The immunoglobulin light chain is thought to be organized into two structural domains, the constant and the variable regions, linked by a switch region of lesser tertiary organization. Light chains of homogeneous rabbit antibodies to pneumococcal polysaccharides labeled with 1251 were subjected to trypsin digestion at different temperatures. At 430 molecular size (as determined by gel filtration) remained unchanged until the chain was subjected to full reduction and alkylation, when half molecules were demonstrated. One light chain resisted tryptic digestion at 43°. At 50°extensive digestion to small peptides occurred. These experiments confirm the susceptibility of the switch region to enzymatic attack as well as the relative resistance of the constant and variable region domains. They also demonstrate that the third disulfide bridge in rabbit light chain extends between the two structural domains and maintains the integrity of the molecule even when a peptide bond in the switch region is cleaved. When the light chain was subjected to dilute acid hydrolysis [10% acetic acid-pyridine (pH 2.5) in 7 M guanidine-HCI for 24-90 hrJ selective cleavage at the switch region was demonstrated in yields up to 90%. The site of cleavage was shown to be the acid labile Asp 109-Pro 110 bond by automated Edman degradation. After cleavage the molecule remained intact until full reduction and alkylation, when half molecules were again demonstrated. A light chain cleaved in this way with its interdomain disulfide bond intact, was able to recombine with a homologous heavy chain and restore antigen binding. This indicates that an intact switch region is not needed for antibody activity. The availability of a functional variable region now allows for planning an examination of the antibody combining site by the technique of peptide synthesis.
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Edelman et al. (1) have proposed a domain theory of the organization of the three-dimensional structure of immunoglobulins in which the constant and the variable parts of the antibody light (L) chain are independent densely folded structures. Recently, an x-ray crystallographic model of a myeloma Fab fragment by Poljak and coworkers (2) has supported this hypothesis.
In this study, rabbit antibody L-chain was subjected to limited cleavage of the polypeptide chain between constant and variable domains. The properties of the cleaved molecule with respect to molecular size and antibody reactivity were then examined. METHODS Specific anti-polysaccharide antibody was isolated (3, 4) . One of these antibodies (2388) had previously been subjected to fractionation by the use of affinity chromatography (5) . After mild reduction and alkylation (6) of antibody, heavy (H) and L chains were isolated by gel filtration with 1 M propionic acid (6) . H and L chains prepared in this manner were "renatured" by extensive dialysis against 0.01 M sodium acetate buffer (pH 5.5) (7-9). Columns were calibrated with blue dextran, IgG, [125 ] IgG, fully reduced and alkylated L chain, 15I-labeled L chain, cytocrome C, 125I-labeled parathyroid hormone, and [1251 ] glucagon and free 125J as described (12) .
125I-Labeling of Light
Antibody Activity of the Cleaved L Chain was measured after recombination with the homogeneous homologous H chain. The binding of the recombined antibody to the Sepharose immunoadsorbent was then determined. A 1 X 5-cm glass test tube was coated with 50 ,ul of 0.2 mg/ml solution of nonimmune rabbit L chain. 200,ul of a 0.5 mg/ml solution of nonimmune H chain or antibody H chain was added and the mixture was incubated 15 min at room temperature (22-240).
Since both the L chains and the H chains were in 0.01 M Na acetate buffer (pH 5.5) they would be expected to recombine and reform an IgG molecule (7) (8) . This unlabeled protein was allowed to coat the tube. Next, tracer amounts of 125I-labeled L chain (5-25 1l) (from nonimmune gammaglobulin or antibody) was added to the tube and the mixture was incubated for 18 hr at 4°. Then 200 ,ll of 0.1 M phosphate buffer (pH 7.2) containing 1 mg of nonimmune rabbit gammaglobulin per ml (Pentex) and 10 ,1u of immunoadsorbent suspension (5) was added. An increase in the ionic strength and pH of the buffer as well as in the concentration of gammaglobulin were necessary in order to decrease nonspecific adsorption to the immunoadsorbent.
The tubes were then continually agitated for 18 hr at 40 in order to keep the immunoadsorbent in suspension. Tubes were then counted in a Nuclear Chicago crystal scintillation counter.
The immunoadsorbent was then sedimented by gravity, and the supernatant was removed with a constriction pipette. The sediment was washed three times with 3 ml of 0.15 M sodium chloride and was allowed to settle by gravity between each wash. The sediment was then counted. The fraction of counts bound to immunoadsorbent relative to total counts was then computed.
RESULTS

Demonstration of the interdomain disulfide bond
Trypsin Cleavage. Fig. la and b show the gel filtration patterns obtained after trypsin hydrolysis of L chain 2398 for 30 min and 24 hr at 43°. It is apparent that the molecular size of the L chain is unchanged in neutral buffer after the shorter trypsin digestion, though after prolonged digestion, evidence for small fragments is seen. However, upon full reduction and alkylation, followed by gel filtration in acid-urea, half molecules are seen ( Fig. ic and d) . The yield of half molecules is increased by prolonged trypsin digestion, though simultaneously more small fragments are released. This suggests that the peptide chain has been cleaved at about its middle and that the two halves may be held together either by a disulfide bond or by noncovalent interactions. Fig. 2a shows gel filtration patterns in acid urea after trypsin hydrolysis and full reduction and alkylation of L-chain 2388 at 43°. It is apparent that even after 18 hr, there is no evidence for any cleavage of the polypeptide chain. Fig. 2b shows that at 500 considerable tryptic hydrolysis takes place, yielding small fragments, but no evidence for half molecules. This indicates that the production of half molecules requires a residue susceptible to trypsin somewhere near the switch region at the center of the L chain and that this enzyme is not universally applicable to the production of half molecules from rabbit L -g_ Proc. Nat. Acad. Set'. USA 69 (1972) chains. Since all these L chains are KB allotype b4, the residue that is susceptible to trypsin must be in the variable region. Papain Digestion. Half molecules did not appear after papain digestion until the L chain was subjected to full reduction and alkylation, but their yield was low, never exceeding 30%. The ratio of small fragments to half molecules was far greater than in trypsin hydrolysis.
Limited Acid Hydrolysis. Aspartyl-proline peptide bonds are especially sensitive to hydrolysis under mildly acidic conditions (11, 12) . Since prior sequence analysis* showed the sequence Asp 109-Pro 110, we subjected antibody L chains to limited acid hydrolysis and demonstrated a unique cleavage at this bond (submitted for publication). Fig. 3 shows gel filtration of L-chain 2388 after incubation under these conditions for 24 hr at 400. In Fig. 3a , it is apparent that even in the presence of 6 M urea, the partly cleaved L chain migrates in the position of uncleaved L chain, whereas after full reduction and alkylation, half molecules are readily demonstrated (Fig.  3b) . Prior incubation of the acid-cleaved L chain in 7 M These studies indicate that the half molecules are probably not held together by noncovalent bonds and that after cleavage near the switch region they may only be dissociated by disulfide bond reduction.
We have also shown (submitted for publication) that the yield of cleavage during limited acid hydrolysis could be improved by incubation of L chain in 7 M guanidine -HC1-10% acetic acid-pyridine (pH 2.5). Fig. 4 shows a typical separation of half molecules, after full reduction and alkylation of L-chain 2388 that had been incubated in acid-guanidine for 4 days. The major product is half molecules (90%); only minor amounts of uncleaved light chain and small peptide fragments were detected.
The same Lchain 2388 was also subjected to automated Edman degradation. Table 1 compares the residues obtained in the first 10 steps of degradation with those found in a tryptic peptide from the switch region* and a sequence obtained from chain 3315 that had an amino terminus blocked by pyrollidone carboxylic acid (submitted for publication). From N-terminal studies an Asp-Pro sequence was expected at positions 1 and 2. It is possible to deduce from the known sequence of the amino terminal and switch regions that two cleavages occurred, in L-chain 2388, one after position 1, and a second after position 109.
Antigen Binding Activity. Antibody Lchain 2398, subjected to 24 hr trypsin hydrolysis (Fig. lb) , when combined with homologous H chain showed no antigen binding. This may indicate that under these conditions of hydrolysis, additional peptide bonds were cleaved in regions other than the switch region. Fig. 5 summarizes results of antigen binding experiments with L-chain 2388 cleaved in acid-guanidine. In computing these data the ratio of counts bound to immunoadsorbent to total counts for uncleaved antibody L chain, after recombination with antibody H chain was arbitrarily set at 100%. This bound-to-total ratio under these experimental conditions was 0.59 (0.58-0.64). The zero point was arbitrarily set as that value obtained by recombining labeled nonimmune light chain with nonimmune heavy chain. The observed bound-to-total ratio was 0.08 (0.07-0.11).
It is apparent from Fig. 5 that antibody H chain when recombined with nonspecific L chain possesses some antigen binding activity, 23(12-33)%7, consistent with previous observations (13, 14 Gly-Asp-Pro-Val-Ala-Pro-Thr-Val-Leu-Ile-Phe-Pro-Pro Proc. Nat. Acad. Sci. USA (1972) together by a disulfide bond between the variable and constant domains, since denaturing conditions alone fail to effect a reduction in molecular size. The rabbit KB light chain contains two intrachain disulfide bonds in positions homologous to human and murine K chains but appears to have an additional pair of half-cystines. Recently one of these half cystines has been localized in the constant region and the other in the variable region*, and a disulfide bond between them was documented (Lamm, M. and Frangione, B., personal communication). Fig. 3 indicates that the fully reduced and alkylated intact light chain appears at a smaller elution volume through Sephadex G-75 in acid urea than does L-chain with intact intrachain disulfide bonds, whether or not it has undergone proteolytic cleavage at its switch region. This observation was confirmed in separate control experiments with uncleaved light chain. The reason for an alteration in the apparent elution volume may relate to an increase in Stokes radius due to more complete unfolding of the fully reduced L-chain in acid urea. Similar observations have been made previously by Utsumi and Karush (17) . The shoulder seen on the major peak in Figs. la and 3a may reflect a slight increase in Stokes radius consequent to cleavage of the peptide bond, since both of these peaks are shown to be mixtures of intact and cleaved light chains.
The asymmetry of the half-molecule peak produced by tryptic hydrolysis of L-chain 2398 (Fig. 1) probably indicates an asymmetric cleavage of the light chain. In view of the previous discussion, this cleavage is likely to be N-terminal to the switch region, producing a larger C-terminal fragment with a smaller N-terminal fragment. A similar pattern was observed by Bjork and Tanford (9) in rabbit light chains hydrolyzed by trypsin. It should be noted that cleavage nearly at the center of the chain, at Asp 109 by limited acid hydrolysis produced a symmetrical peak (Figs. 3 and 4) as expected.
L-chain cleaved at Asp 109, but with variable and constant regions held together by the presumed interdomain disulfide bridge, can enhance antigen combining activity of homologous antibody heavy chain in a manner similar to that of uncleaved L-chain. This indicates that a continuous polypeptide chain is unnecessary for proper combination with the heavy (H) chain to form an active antibody molecule. Smith and Dorrington's (18) observations that the variable and constant domains of human light chains may recombine with the heavy chain independently are in agreement with this observation.
The demonstration of an inter-domain disulfide bridge indicates a constraint exercised on the variable region sequence by the constant region. If there were indeed two genes governing the sequences of the constant and the variable regions (19) , the code for one-half cystine would of necessity have to be conserved in all genes governing variable regions.
